Using an exact mapping transformation method, magnetic properties of a spin-1/2 and spin-1 doubly decorated Ising-Heisenberg model are investigated in detail. By assuming that both interaction parameters are ferromagnetic, we found in addition to an usual ferromagnetic phase another two phases with a nontrivial long-range order. Keywords: Ising-Heisenberg model; Mapping transformation Low-dimensional quantum spin systems have become during the last few years the subject of immense interest, since their properties are strongly affected by quantum fluctuations. However, the role of quantum fluctuations can be understood from a quantum Heisenberg model (QHM) -basic theoretical model of magnetic insulators. Although much effort has been focused on this topic, a general exact solution has not been found for any 2D QHM, yet.
Low-dimensional quantum spin systems have become during the last few years the subject of immense interest, since their properties are strongly affected by quantum fluctuations. However, the role of quantum fluctuations can be understood from a quantum Heisenberg model (QHM) -basic theoretical model of magnetic insulators. Although much effort has been focused on this topic, a general exact solution has not been found for any 2D QHM, yet.
Owing to this fact, we will propose a simplified doubly decorated IsingHeisenberg model, which can be exactly treated by means of a generalized mapping transformation technique [1, 2] . Moreover, the suggested model can also be viewed as useful model of magnetic insulators with the doubly decorated network structure. Experimentally, such an arrangement of metal ions has been recently reported in a novel Rh 2+ -Co 3+ compound [3] . Hence, the considered model represents a feasible model for possible structural derivatives of the aforementioned bimetallic compound.
In this article, we will explore the Ising-Heisenberg model with the doubly decorated network structure (see Fig.1 ), in which the sites of original lattice are occupied by the spin-1/2 atoms (full circles) and the decorating sites by the spin-1 atoms (empty circles). We will further assume that the nearest-neighbour interaction J(∆) between spin-1 atoms is an anisotropic Heisenberg interaction (∆ marks the XXZ exchange anisotropy), while the nearest-neighbour interaction J 1 between spin-1/2 and spin-1 atoms is purely an Ising-type interaction.
Then, it is very convenient to write the total Hamiltonian as a sum of bond Hamiltonians, namelyĤ = kĤ k , where each bond HamiltonianĤ k involves all the interaction terms associated with kth couple of spin-1 atoms ( Fig.1 )
In above,μ 
with following mapping parameters A and βR
In above, N denotes a total number of spin-1/2 atoms, q their coordination number and the functions V (x, y) and W (x) are defined by
where z n label the roots of secular cubic equation
It is worthy to note that Eq.(2) constitutes the basic result of our calculation, since it enables simple calculation of a large number of quantities.
To understand the behaviour of ferromagnetic Ising-Heisenberg model (J > 0, J 1 > 0) more deeply, we have examined in detail magnetizations, correlations and quadrupolar momentum
where ... denotes standard canonical averaging, subscript i(h) marks the spin-1/2 (spin-1) atom, and superscript the spatial component of spin.
Ground-state phase diagram in the J 1 /J − ∆ plane is shown Fig.2 . As one can see, the parameter space is separated by first-order transition lines into 3 regions: the usual ferromagnetic phase (FP), valence-bond ferromagnetic phase 
